Abstract Application of edible coatings is a suitable method to maintain the quality and reduce post-harvest losses in fresh vegetables and fruits. Pear fruits being climacteric have a short shelf life, and coating is considered as one of the most popular techniques to prolong its shelf life.The present study evaluates the effect of optimized edible coatings containing soy protein isolate (SPI) in combination with additives like hydroxypropyl methylcellulose (HPMC) and olive oil on 'Babughosha' Pears (Pyrus communis L.) stored at ambient temperature (28 ± 5°C and 60 ± 10% RH). Four different coatings optimized by response surface methodology study were used in the present experiment. The results of the present study shows that the optimized edible coatings help retain the firmness of fruits and lowered the moisture loss. The tested combination of coating could also withhold the levels of ascorbic acid, chlorophyll and sugar contents in the treated fruits. Activities of enzymes associated with fruit softening (b-galactosidase, polygalacturonase, pectin methyl esterase) showed delayed peaks. Amongst all treatments, T1 (SPI 5.0%, HPMC 0.40%, Olive oil 1%, Potassium sorbate 0.22%) and T2 (SPI 5.0%, HPMC 0.40%, Olive oil 0.98% Potassium sorbate 0.20%) were found to have pronounced effect on retention of nutritional quality in pears. Observations of shelf-life extension established that T2 (SPI 5.0%, HPMC 0.40%, Olive oil 0.98% Potassium sorbate 0.20%) was successful in extending shelf-life of pear fruits up to 15 days, as compared to 8 days for untreated pear fruits.
Introduction
Short shelf life of fresh horticulture produce like fruits and vegetables constraints their handling, transportation and marketing. Present day post harvest technology demands efficient, eco-friendly and cost-effective methods to address this problem. Edible coatings are alternative storage methods for fresh products and have attracted increasing attention because of environmental considerations and the trends toward the use of convenience foods (Yaman and Bayindirli 2002) . Edible coatings, like modified atmosphere packaging, have been known to retard softening changes in fruits by inhibiting metabolic processes (Park 1999) or lowering migration of moisture and gases, leading to reduced weight loss (Dhall 2013) .
Edible films of proteins are quite attractive because of their impressive gas barrier properties and the fact that they supplement the nutritive value of food. Amongst proteins, Soy protein isolate (SPI) is the primary choices for forming a protein edible film. The use of soy protein in the formation of films or coatings on food products has been explored by many researchers (Amal et al. 2010; Gennadios et al. 1997; Lim et al. 2011; Rhim et al. 2000 Rhim et al. , 2002 . However, the inherent hydrophilicity of these films results in poor moisture barrier properties (Bourtoom 2009 ). Addition of a small amount of other edible materials and additives such as lipids, polysaccharides, emulsifiers and plastisizers can improve the performance of protein based edible coatings in order to delay the ripening of tropical fruits. Gennadios et al. (1997) observed that bicomponent soy protein/fatty acid films have improved functionality as moisture barriers compared to prototype soy protein films. Thus, composite edible coatings combining beneficial properties of a number of components may give desired protective effect to the fruits.
The concentration of each component in the film effects the overall quality of the film. Response surface methodology (RSM) is an effective technique for exploring the relationships between the responses and the independent variables for optimizing a formulation or process (Mirhosseini et al. 2009 ). RSM has been utilised for optimizing edible coating formulations for fresh-cut pineapples (Azarakhsh et al. 2012) , mushroom slices (Taghian Dinani et al. 2014) , strawberry (Ribeiro et al. 2007) , pear (Javanmard et al. 2012 ) and other fruits and vegetables.
Babughosha Pear (Pyrus communis L. cv. Babughosha) is among the most economically important fruit tree crop of the temperate zones. Its habitat is distributed in the temperate regions of Europe and West Asia. The fruits are good source of pectin and help in maintaining desirable acid balance in the body (Kaur and Arya 2012) . Because of their thin peel, crisp flesh, rich juice, and good taste, they are popular among consumers. However, rapid postharvest physiological changes marked mainly by excessive softening in this variety of pears are responsible for a short ripening period and rapid senescence and pose a challenge for their marketing (Hetong and Yufang 2003) . Various edible coatings like zein-oleic acid (Scramin et al. 2011) , plant oils (Ju et al. 2000) , Shellac, Semperfresh, carboxy methylcellulose (Hussain et al. 2010) have been found to be effective on pears.
The present study aims to determine the effect of optimized coatings of soy protein isolate (SPI), hydroxypropyl methylcellulose (HPMC), olive oil and potassium sorbate on quality parameters and shelf-life of 'Babughosha' Pears (P. communis L.).
Materials and methods

Procurement of fruits
Fresh pear fruits were brought from the local fruit market of Anand town, Gujarat and they were sorted for uniform size, shape, colour and maturity stage. Fruits free from any physical injuries or diseases were selected.
Chemicals and reagents
Soy Protein Isolate used in the experiment was purchased commercially. All other chemicals and solvents were of Himedia, Merck, SDFCL (Mumbai, India) and SigmaAldrich (MO, USA) procured from local dealers. Soy Protein Isolate is a source of soy protein. It contains more than 90% protein with film forming and gas barrier properties.
Selection of coating solutions
RSM based optimization of edible coating formulations applicable on pear fruits was done in a preceeding experiment conducted in the laboratory (Nandane et al. 2017) . The response variables choosen were pH, total soluble solids (TSS), titrable acidity and weight loss %. The optimization procedures was carried out using Design Expert Software Version 8 (Statease Inc., MN, USA). This experiment helped optimize concentrations of SPI, HPMC, Olive oil and potassium sorbate in the edible coating solution to be applied to pear fruits. This work provided the baseline information for the present study. Amongst a number of solutions provided by RSM, four optimized solutions having high desirability value were choosen to study their effect on the overall quality parameters of pear fruit (Table 1, treatments coded as T1, T2, T3 and T4) .
Preparation of coating solutions
Soy protein isolate, hydroxypropyl methylcellulose, olive oil and potassium sorbate in predetermined quantities (Table 1) were dispersed in distilled water. Glycerol (0.7%) was added as plasticizer to each solution. The solutions were then heated with constant stirring at 80-85°C temperature for 15 min.
Coating application
All fruits were washed with distilled water followed by a wash of Sodium hypochlorite (200 ppm for 10 min) for disinfection. The fruits were divided into 5 sets with 14 fruits in each set. Coatings were applied to the fruit surface by dipping technique, with dipping time of 2 min. Fruits treated with only distilled water were considered as control samples. The coated pears were packed in plastic boxes and stored at ambient temperature (28 ± 5°C and 60 ± 10% relative humidity RH). All analyses were carried out at beginning of experiment (0 day) and thereafter at regular interval of 4 days till the fruits became unacceptable for consumption due to decay or infection.
Determination of quality parameters Weight loss percentage
The weight of fruits was determined by use of an electronic balance. The difference between the initial and final weight of the fruit was considered as total weight loss and the results were expressed as the percentage of weight loss, as per the standard method of AOAC (2000).
Total soluble solids (TSS) and titratable acidity (TA) 4 grams of fruit sample was homogenized with 40 ml distilled water and the filterate was used to determine total soluble solids (TSS) and titratable acidity (TA). The TSS content of the fruit was determined using digital refractrometer (Atago Co., Tokyo, Japan). A drop of filtrate was placed on the prism glass of the digital refractometer to read TSS of sample according to degree of Brix (°Brix). The reading obtained was multiplied by dilution factor of 10 to obtain the real°Brix. The TA was determined according to the method of Mazumdar and Majumder (2003) by titration of 10 mL of juice with 0.1 N NaOH using phenolphthalein as an indicator and the results were expressed as the percent of malic acid.
Firmness
Firmness was measured by Texture Analyser (TA Plus Lloyd Instruments, Ltd, England). The measurement was carried out using a needle probe to penetrate the pear fruit surface at 1 mm/s crosshead speed and causing 30% sample compression. Maximum force (N) required to penetrate the sample was recorded and used as the firmness of fruits. At least three measurements were made on each pear fruit at different locations and the results were averaged.
Shelf life
The shelf life of a fruit is a period of time which starts from its harvesting and extends up to onset of rotting in the fruits (Mondal 2000) . The criteria used to determine onset of rot was visual appearance. The shelf life was calculated by counting the days required for the fruit to reach the last stage of ripening, but up to the stage of their marketability. The last stage of ripening was considered when the fruit became soft and wrinkles appeared on the surface of fruit.
Biochemical analysis
The reducing sugar contents were determined by following the dinitrosalicylic acid method as cited by Thimmaiah (1999) . The quantitative analysis of pigments such as total chlorophylls, total carotenoids and lycopene was carried out as per the methods described by Wang et al. (2005) . The quantitative analysis of ascorbic acid was performed as per the method of Roe (1954) .
Extraction and assay of enzymes
The procedure for extraction and assay of b-Galactosidase was followed in accordance with Biswas (1985) . The reaction mixture containing 0.25 mL of sodium acetate buffer (0.1 M, pH 5) and 0.01 mL of p-nitrophenyl-b-dgalactoside (10 mM) was incubated at 55°C for 30 min. The reaction was initiated by adding appropriate amount of enzyme extract and incubated for 10 min; similarly the blank was prepared without the enzyme extract which was replaced by the buffer. The reaction was terminated by adding 4 mL of NaOH (0.1 M) and the enzyme activity was expressed as U/mg of protein, where one unit (U) was defined as lmol of p-nitrophenol formed per minute.
Extraction and assay for Polygalacturonase (PG) and Invertase activity was carried out according to the procedure described by Srivastava and Dwivedi (2000) . Fruit tissue (1 g) was obtained and homogenized in 10 mL of sodium phosphate buffer (20 mM, pH 7.0) containing cysteine-HCl (20 mM), EDTA (20 mM) and Triton X-100 (0.05%). The homogenate was centrifuged at 15,000 g for 30 min at 4°C in a refrigerated centrifuge (Model: Eppendorf, 5430R). The clear supernatant was used as enzyme extract for assaying activity of the enzymes.
For PG assay, the reaction mixture comprised of 0.2 mL sodium acetate (200 mM, pH 4.5), 0.1 mL NaCl (200 mM), 0.3 mL polygalacturonic acid (PGA, 1% aqueous solution adjusted to pH 4.5) and appropriate amount of enzyme extract in a total volume of 1.0 mL. The reaction mixture was held at 37°C for 1 h followed by addition of dinitrosalicylic acid (DNS). The reaction was stopped by heating the reaction mixture in a boiling water bath for 5 min. In control tubes the substrate was added after the heat treatment. D-Galacturonic acid was used as the standard and one unit of enzyme activity was defined as the amount of enzyme required to liberate 1 lmol of reducing groups per min under the condition of the enzyme assay. The enzyme activity was expressed as units per mg of protein.
For Invertase activity, the assay mixture contained acetate buffer (100 mM, pH 4.5), sucrose (100 mM) and enzyme preparation in a total volume of 1.0 ml. The reaction mixture was incubated for 1 h at 37°C. The substrate was added to control tubes after the incubation and colour was developed using DNS. The tubes were boiled on a waterbath for 10 min and the colour was read at 540 nm using spectrophotometer. Amount of reducing sugar released was calculated from a calibration curve drawn using glucose as standard. One unit of invertase activity was defined as lmol of reducing sugars equivalent released per min at 37°C. The enzyme activity was expressed as units per mg of protein.
The procedure for extraction and assay of PME was adapted from Lohani et al. (2004) . The reaction mixture contained 1 mL pectin solution (0.01%, pH 7.5), 0.2 mL NaCl (0.15 M), 0.1 mL bromothymol blue solution (0.01%), 0.2 mL water and appropriate amount of enzyme extract. Absorbance at 620 nm was measured immediately after addition and after 3 min. The difference in initial absorbance and absorbance after 3 min was the measure of PME activity. The enzyme activity was expressed as A 620 min -1 mg protein -1 . Catalase (CAT) activity was assayed according to the method of Xing et al. (2011) . The fruit tissue (1 g) was homogenised in 10 ml, 25 mM PBS, pH 7.8, containing 0.8 g/l PVPP and 1 Mm EDTA, then centrifuged at 12,000 g for 20 min at 4°C. The resulting supernatant was directly used for enzyme assay. For CAT activity assay, the reaction mixture consisted of 2 ml sodium phosphate buffer (50 mM, pH 7.0), 0.5 ml H 2 O 2 (40 mM) and enzyme extract. The decomposition of H 2 O 2 was measured by the decline in absorbance at 240 nm. The CAT specific activity was expressed as U/mg protein, where U = 0.1 * DA240 nm per min.
Statistical analysis
The experimental data was analyzed by using SPSS 17.0 software. All analyses performed were carried out in triplicates. The mean and Standard deviation (SD) were calculated. The statistical significance of the data was assessed by one-way analysis of variance (ANOVA) and the means were compared by using Tukey's HSD test.
Results and discussion Effect on weight loss and firmness
The results for weight loss percentage indicated that there was a constant increase in weight loss of pear fruits stored at room temperature (Fig. 1a) . The weight loss in uncoated fruit was about 8.01% by 8th day of storage, whereas in all treated fruit samples the weight loss ranged from 4.80 to 7.75%. However, by 12th day the weight loss increased to 9.05% in T4. T1 showed lowest weight loss of 6.96% on 12th day of storage. The possible reason for differences in wt. loss values may be due to the water binding ability of potassium sorbate. Another reason may be the possible differences in physiological maturity level of samples even though efforts were made to choose the samples with uniform maturity. Monedero et al. (2009) observed that the presence of lipid decreases the water vapour permeability of SPI-based films. Thus, the composite coating may effectively reduce water loss from fruits and hence the decrease in overall weight loss.
In the present study, it was observed that the firmness of fruits reduced as ripening progressed (Fig. 1b) . However the rate of loss in firmness was significantly higher in untreated samples as compared to treated samples measured on 8th day of storage. Fruit firmness was monitored for 8 days for those samples which decayed after 8 days, while for other samples it was carried out up to 12 days. But for comparison purpose graph of 8th day is given. The firmness of untreated fruits was as low as 3.96 N. Amongst treated fruits, firmness could be retained in all fruits apart from those treated with T3. The loss in firmness during storage of pear fruits occurs due to break down of enzymes, loss of water and degradation of pectic substances present in the fruit (Nath et al. 2012) . Hussain et al. (2010) in their study on pear fruits observed that polysaccharide based edible coatings had the ability to lower cell-wall loosening enzymatic activities owing to ripening delay and hence retained the firmness of pear fruits. Morever, HPMC films incorporated with lipid content have higher capacity of modifying the fruit internal atmosphere and hence maintain the firmness of the fruit (Navarro-Tarazaga et al. 2011).
The lipid content also acts as a barrier to moisture loss. In the present study, the edible coating contained HPMC as the polysaccharide and olive oil as lipid component and hence it could successfully decrease softening of pear fruits as compared to control samples.
Effect on TSS and titrable acidity
The titratable acidity and soluble solids are the best acceptable eating quality indicators for pear fruit during storage (Park 2002) . Table 2 summarises the TSS and titrable acidity of pear fruits during storage. TSS content increased throughout the storage period in all treatments. In pears, maximum TSS value recorded was around 11.4°B rix, observed in control fruits on 8th day of storage and in treated fruits on 12th day of storage. Similar results in increase in TSS during storage period were found in previous studies on pears (Elgar et al. 1997; Nath et al. 2012) . Increase in TSS during storage might be associated with the transformation of pectic substances and starch hydrolysis and also with dehydration of fruits (Goncalves et al. 2000; Park 2002 ). However, in treated fruits the rise in TSS was delayed to 12th day of storage. The delay may most likely have occurred as a result of slowing down of metabolic activity and respiration process in the pear fruits coated with the composite coating.
Titratable acidity significantly (p \ 0.05) decreased as a function of storage time for all treatments studied. The maximium value of 0.67% was recorded on 0 day and minimum value 0.38% was recorded for control fruits on 8th day. The reduction in acidity during storage might be associated with the conversion of organic acids into sugars and their derivatives or their utilization in respiration (Eccher-Zerbini 2002) . Here, the treated fruits had a higher value of titrable acidity throughout the storage period owing to a slower utilisation of the acids. Blaszczyk and Lysiak (2001) , Elgar et al. (1997) and Park (2002) , reported similar changes in acidity of pear fruits during storage.
Effect on reducing sugars
Ripening is accompanied by an increase in the reducing sugar content and invertase activity concomitant with decrease in nonreducing sugar content (Srivastava and . Beaudry et al. (1989) observed that the accumulation of reducing sugars may be due to increased breakdown of starch during ripening. Observations for reducing sugars content in Pear fruits (Table 3) indicated that the value was lowest on 0 day (71.77 mg/g). On 4th day, a peak in reducing sugar content was observed in control fruits with value as high as 175.31 mg/g. A similar trend was observed in treated fruits, but for all treatments the reducing sugar concentration remained lower (157-130 mg/g). The reducing sugar content of pear fruit showed a decline on 8th and 12th day of storage. The levels of sugar reduced drastically in untreated fruits, while in treated fruits the sugar content was retained or reduced slightly, except for T3 wherein a drop similar to control fruits was observed. Similar trends were observed in strawberries (Tanada-Palmu and Grosso 2005). The decrease in concentration of reducing sugars towards end of storage period can be attributed to the fact that as fruit ripening progressed towards senesence there was an overall reduction of substrates and sugar content.
Effect on ascorbic acid content
Initial ascorbic acid content in pears was found to be 545.33 mg/100 g. The results for ascorbic acid content for treated pear fruits as summarised in Table 3 indicated that as ascorbic acid is used up during respiration, this amount of ascorbic acid decreases in fruits of all treatments with increased storage time. In control fruits the abscorbic acid content decreased to 382.67 mg/100 g on 4th day. However, pear fruits treated with T1 and T2 showed better retention of ascorbic acid throughout the storage period, with values of 490.67 mg/100 g and 473.33 mg/100 g on 4th day of storage and 439.33 mg/100 g and 365.33 mg/ 100 g on 8th day of storage respectively. Amal et al. (2010) observed that coating formulations may reduce oxygen diffusion, slowing down the respiration rate, which ultimately delays the deteriorative oxidation reaction of ascorbic acid of fruit. Similar findings of decrease in ascorbic acid content during storage of pear fruits were reported by Soliva-Fortuny and Martín-Belloso (2003) and Nath et al. (2012) .
Effect on chlorophyll, carotenoids and lycopene
The loss of chlorophyll during storage is related to the change of chloroplasts into chromoplasts containing yellow and red carotenoid pigments. Loss of chlorophyll is mediated through several processes involving the action of the enzyme chlorophyllase and photodegradation (Hussain et al. 2010) . At the beginning of experiment, the chlorophyll content of pear fruit was noted to be 30.42 lg/g (Table 4 ). A decline was observed in control and treated fruits with increasing storage time. In control fruits the value of chlorophyll content on 4th day was recorded as 24.53 lg/g. The highest retention of chlorophyll was observed in T2 with value of 29.76 lg/g. Further decline in chlorophyll content was observed on 8th and 12th day. Maximum retention of chlorophyll 24.02 lg/g was observed in T1 on 12th day of storage. Thus, the coatings significantly (p \ 0.05) reduced chlorophyll degradation in pear fruits, as compared to untreated fruits. These results are supported by previous studies which state that coating fruit with wax or polymers reduces fruit softening and chlorophyll degradation (Meheriuk and Porritt 1972) . Wang et al. (2005) have observed that chlorophyll content rapidly decreases and simultaneously there is increased accumulation of carotenoids and lycopene in later stages of fruit ripening. A low carotenoids content of about 69.67 lg/g was observed on 0 day (Table 4 ). This was followed by increased value with advancing storage time. A gradual increase was observed in treated and untreated fruits, with highest values (151.33 lg/g) of carotenoids observed on 8th day in untreated fruits. For lycopene, a value of 1.84 lg/g was recorded at the beginning and further increase was observed till 4th day and 8th day in untreated and treated fruits respectively (Table 4) . Highest value of 2.86 lg/g of lycopene was seen in untreated fruits on 4th day, whereas for treated fruits it ranged from 1.90 to 2.44 lg/g. Thus, it can be summarised that overall there was degradation of chlorophyll and consequent increase of carotenoids and lycopene in pear during ripening. However, the conversion of chlorophyll to carotenoids was delayed due to application of edible coatings and the fruits remained green and fresh for longer time.
Effect on enzyme activity
In a mature fruit, various enzymes such as polygalacturonase (PG), invertase, b-galactosidase and pectin methylesterase (PME) are reported to be contributors to the softening process (Brummell 2006) . Effect of coatings on activities of some of these enzymes studied are presented below:
Effect on b-galactosidase and invertase activity Increase in b-galactosidase activity during ripening has been reported in many fruits, like apples, pear (Ahmed and Labavitch 1980b) . In our studies, b-galactosidase activity tend to increse from 0 to 8 days of storage period after which decline in the enzyme activity was observed on 12th day (Fig. 2a) . There was an increase of about two to threefold in enzyme activity as fruit ripening progressed. However, the changes in the activity was observed to be similar for treated and untreated fruits. The b-galactosidase activity in all treatments ranged from 0.138 to 0.092 U/mg protein on 8th day in contrast to 0.053 U/mg protein on 0 day.
Invertase hydrolyse non-reducing sugars like sucrose to reducing sugars, fructose and glucose. The activity of this enzyme is seen to increase during fruit ripening causing degradation of sucrose. Changes in invertase activity of pears during storage is depicted in Fig. 2b . The invertase activity on 0 day was recorded as 0.059 U/mg of protein. On 4th day, invertase activity was found to be highest in untreated fruits recorded as 0.080 U/mg of protein. The invertase activity was significantly (p \ 0.05) lower in all treatments. On 8th day, T2 and T3 showed higher enzyme activity with values of 0.073 U/ mg of protein and 0.081 U/mg of protein respectively. The enzyme activity decreased in all samples with prolonged storage.
Effect on Polygalacturonase (PG) and Pectin methyl esterase (PME) activity
Pectin-degrading enzymes are closely related to changes in pectins, which play a significant role in the softening changes in fruit and vegetable tissues. An increase in PG activity with a peak at the climacteric stage in mango (Prabha et al. 2000) have been reported. In pear, as in other softening fruits, an increase in cell wall-modifying enzyme activities and the degradation of cell wall polysaccarides have been reported (Ahmed and Labavitch 1980a, b) . PG activity in Shellac and Semperfresh coated pears showed a progressive increase during the storage process (Zhou et al. 2011) . The PG and PME activity of coated pear fruits are summarised in Fig. 2c, d respectively. In the present study, rise in PG activity was observed during storage period, with a peak in activity evident on 8th day of storage in all treated pear fruits. In control fruits the peak in PG activity (0.051 U/mg of protein) was observed on 4th day of storage. The highest PG activity of 0.063 U/mg of protein was observed in T3 on 8th day. The enzyme activity declined on 12th day of storage in all treatments. The PME activity in pears was found to increase in all treatments but decreased at a later stage. The PME activity in control fruits was as high as 0.75 U/mg of protein on 4th day of storage and then showed a sharp decline on 8th day. In all treatments, however, the rise in PME activity was found to be relatively lower (0.55-0.67 U/mg of protein) on 4th day and was further retained or further increased on storage. Only exception was T4 wherein the enzyme activity decreased similar to control fruits but the activity was moderately lower than the control fruits throughout. The relatively lower activity of PME in coated fruits contributed to the enhanced retention of brittleness and firmness during their storage as observed in pears (Zhou et al. 2011) , strawberries (Gol et al. 2013 ) and papaya fruit (González-Aguilar et al. 2009 ).
Effect on Catalase (CAT) activity
Catalase (CAT) is an antioxidant enzyme and its activity usually increases during ripening. The increase in the activity of this enzyme was observed in control and treated fruits (Fig. 2e) . However, in T1 and T2 it was observed that the treatments were successful in decreasing enzyme activity, since the peak of activity was observed on 8th day. Of these, the CAT activity in T1 gave best results with lower activity of 0.099 U/mg of protein as compared to 0.287 U/mg of protein activity in control fruits on 4th day of storage. Thereafter it peaked to a value of 0.307 U/mg of protein on 8th day and subsequently decresed by 12th day. In all other treatments, similar pattern of CAT activity was observed wherein after a peak the enzyme activity decreased. However, the time of peak in enzyme activity was variable. Jahnke et al. (1991) observed that, in response to stress, plants normally increase the levels of oxyradical detoxification enzymes including CAT and help prevent damage by oxidation. Many coatings induce rise in the activity of this enzyme, thus promoting its protection.
Effect on shelf-life
One of the main purpose of applying edible coatings is to bring about an extension in shelf-life of fruits. In the present study, the shelf-life of 'Babughosha' Pears stored at ambient temperature of 28 ± 5°C was recorded (Fig. 3) . The shelflife of untreated pear fruits was about 8 days at these storage conditions. The degradation in quality of pears is mainly brought about by excessive softening of the fruits due to rapid ripening (Zhou et al. 2011) , occurrence of browning (Ju et al. 2000) and mold growth of Penicillium sp. and Botrytis sp. (Hussain et al. 2010) . During experiment no such difference was observed with respect to appearance of moulds.
In the present study, it was observed that after its onset the process of ripening was rapid. However, in all treated fruits the loss in firmness occurred at a slower rate as compared to control and TSS and sugar content was maintained at a higher level. Browning and mold growth was observed towards end of storage period. Among treated fruits, decay was observed in T3 at 10th day of storage, whereas all other treatments remained acceptable and retained firmness for longer time.
Fruits treated with T1 and T4 could be stored up to 13 days and those treated with T2 remained fresh up to 15 days after coating treatment. Thus, the shelf-life of 'Babughosha' Pears coated with the optimized coatings could be extended by 5 to 7 days at ambient conditions as compared to control fruits.
Conclusion
The edible coatings containing a combination of SPI, HPMC and Olive oil retained moisture and firmness of the fruits for a longer time. The edible coatings helped lower the metabolic activity and chlorophyll degradation in pears. The optimized coatings T1 (SPI 5.0%, HPMC 0.40%, Olive oil 1%, Potassium sorbate 0.22%) and T2 (SPI 5.0%, HPMC 0.40%, Olive oil 0.98% Potassium sorbate 0.20%) exhibited overall conservation of quality parameters of pear fruits and also helped to extend its post harvest shelflife at ambient condition. These combination of coatings can thus be applied on 'Babughosha' pears for improving their quality and shelf-life at ambient storage conditions. 
